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(57) ABSTRACT

A magnesium alloy structural member having excellent cor-
rosion resistance is provided. The magnesium alloy structural
member includes a magnesium alloy substrate that contains
more than 7.5% by mass of Al and an anticorrosive layer
formed on a surface of the substrate by chemical conversion
treatment. The substrate contains a precipitate, typically, par-
ticles dispersed therein. The particles are made of an inter-
metallic compound containing at least one of Al and Mg and
have an average particle size 0f 0.05 pm or more and 1 um or
less. The total area of the particles accounts for 1% by area or
more and 20% by area or less. The anticorrosive layer
includes a lower sublayer and a surface sublayer on the sub-
strate in this order. The surface sublayer is denser than the
lower sublayer. The substrate of the magnesium alloy struc-
tural member has high corrosion resistance because of a high
Al content. The magnesium alloy structural member has
excellent corrosion resistance because of the dense sublayer
on the front side of the anticorrosive layer, which prevents a
corrosive liquid from reaching the substrate. The porous
lower sublayer can reduce the tendency of the anticorrosive
layer to detach from the substrate, for example, upon impact
and allows the magnesium alloy structural member to retain
high corrosion resistance.

5 Claims, 2 Drawing Sheets
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(MAGNESIUM ALLOY SHEET)
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(I ) SUBSTRATE OF SAMPLE No. 110
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1
MAGNESIUM ALLOY STRUCTURAL
MEMBER

TECHNICAL FIELD

The present invention relates to a magnesium alloy struc-
tural member suitable for parts, such as housings for mobile
electronic devices. In particular, the present invention relates
to a magnesium alloy structural member having excellent
corrosion resistance.

BACKGROUND ART

Light-weight magnesium alloys having excellent specific
strength and specific rigidity are being studied as constituent
materials of parts, such as housings for mobile electronic
devices, including cellular phones and laptop computers.
Magnesium alloy parts are mainly made of cast materials
manufactured by a die-casting process or a thixomold process
(AZ91 alloy as defined in the American Society for Testing
and Materials standards). In recent years, parts manufactured
by press forming of a sheet made of a wrought magnesium
alloy exemplified by AZ31 alloy as defined in the American
Society for Testing and Materials standards have been used.
Patent Literatures 1 and 2 disclose press forming of a rolled
sheet manufactured under particular conditions from AZ91
alloy or an alloy that has substantially the same Al content as
AZ91 alloy.

Magnesium alloys generally have low corrosion resis-
tance. Thus, as disclosed in Patent Literature 1, magnesium
alloys are subjected to surface treatment, such as chemical
conversion treatment or anodizing treatment, to improve cor-
rosion resistance. Furthermore, the compositions of magne-
sium alloys may be adjusted to improve corrosion resistance.
For example, AZ91 alloy having a higher Al content than
AZ31 alloy has excellent corrosion resistance.

CITATION LIST
Patent Literature

PTL 1: International Publication No. 2008/029497
PTL 2: International Publication No. 2009/001516

SUMMARY OF INVENTION
Technical Problem

However, it is desirable to further improve the corrosion
resistance of magnesium alloy structural members.

As described above, performing surface treatment or
increasing the amount of additive element, such as Al, can
improve the corrosion resistance of magnesium alloys. How-
ever, it is difficult to further improve the corrosion resistance
of magnesium alloy structural members only through these
measures.

As a result of investigations, the present inventors found
that the state of an anticorrosive layer on a magnesium alloy
material formed by surface treatment, such as chemical con-
version treatment, depends on the material composition or a
method for manufacturing the material. Different states result
in variations in corrosion resistance.

More specifically, chemical conversion treatment of an
AZ31 alloy wrought material and an AZ91 alloy cast material
results in a much thicker anticorrosive layer in the AZ31 alloy
wrought material than in the AZ91 alloy cast material. How-
ever, the anticorrosive layer was porous. Thus, a corrosive
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liquid reaches the magnesium alloy material through the anti-
corrosive layer, resulting in the material having poor corro-
sion resistance. Furthermore, an excessively thick anticorro-
sive layer may cause a crack because of extreme stress in the
anticorrosive layer, allowing a corrosive liquid to reach the
material. Thus, the AZ31 alloy wrought material can have
lower corrosion resistance than the AZ91 alloy cast material.

On the other hand, the anticorrosive layer of the AZ91 alloy
cast material has a smaller thickness than the anticorrosive
layer of the AZ31 alloy wrought material but is still thick
enough to cause a crack. Thus, the AZ91 alloy cast material
can have low corrosion resistance.

The chemical conversion treatment of a magnesium alloy
sheet made of AZ91 alloy disclosed in Patent Literatures 1
and 2 results in the formation of an anticorrosive layer having
a smaller thickness than the anticorrosive layer of the cast
material, making it difficult to cause a crack. However, it is
still desirable to further improve corrosion resistance.

Accordingly, it is an object of the present invention to
provide a magnesium alloy structural member having excel-
lent corrosion resistance.

Solution to Problem

In order to improve the corrosion resistance of magnesium
alloy, the present inventors manufactured sheets of a magne-
sium alloy that contains more than 7.5% by mass of Al by
various methods. After the sheets were subjected to chemical
conversion treatment, the state and the corrosion resistance of
the anticorrosive layer were examined. The present inventors
found that magnesium alloy sheets manufactured under par-
ticular conditions had excellent corrosion resistance.

More specifically, in magnesium alloy structural members
that had high corrosion resistance after the formation of an
anticorrosive layer, the magnesium alloy substrate contains a
certain amount of precipitate, such as an intermetallic com-
pound containing at least one of Mg and Al, including
Mg,,Al,, or Al;(MnFe). The precipitate had a relatively
small particle size, is uniformly dispersed, and is substan-
tially free from coarse particles, for example, having a size of
5 um or more. Thus, a manufacturing process that can control
the size and number of precipitate particles, that is, that can
prevent the formation of coarse precipitate particles and pro-
duce a certain number of fine precipitate particles was inves-
tigated. As a result, the present inventors found that, in manu-
facturing processes up to the point where the end product is
formed after casting, in particular, after solution treatment, it
is preferable to control the manufacturing conditions such
that a magnesium alloy material is held in a particular tem-
perature range for a given total time.

It was also found that chemical conversion treatment of a
substrate that contains uniformly dispersed fine precipitate
particles, for example, made of an intermetallic compound
results in the formation of an anticorrosive layer having a
two-layer structure that includes a relatively sparse sublayer
adjacent to the substrate and a dense outer sublayer.

The present invention is based on these findings. A mag-
nesium alloy structural member according to the present
invention includes a magnesium alloy substrate that contains
more than 7.5% by mass of Al and an anticorrosive layer
formed on a surface of the substrate by chemical conversion
treatment. The substrate contains precipitate particles dis-
persed therein, and the precipitate particles have an average
particle size of 0.05 pm or more and 1 pum or less. The total
area of the precipitate particles in a cross section of the mag-
nesium alloy structural member accounts for 1% or more and
20% or less of the cross section. The anticorrosive layer has a
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two-layer structure that includes a lower sublayer adjacent to
the substrate and a surface sublayer formed on top of the
lower sublayer. The surface sublayer is denser than the lower
sublayer.

In the manufacture of a magnesium alloy structural mem-
ber according to the present invention, the following magne-
sium alloy sheet is suitably used as the substrate. The mag-
nesium alloy sheet is made of a magnesium alloy that contains
more than 7.5% by mass of Al. The magnesium alloy sheet
contains precipitate particles dispersed therein. The precipi-
tate particles have an average particle size of 0.05 um or more
and 1 um or less. The total area of the precipitate particles in
a cross section of the magnesium alloy sheet accounts for 1%
or more and 20% or less of the cross section.

The substrate or the magnesium alloy sheet of a magne-
sium alloy structural member according to the present inven-
tion is substantially free from coarse precipitate particles and
contains very fine precipitate particles dispersed therein. This
can reduce a decrease in the amount of Al dissolved in the
magnesium alloy resulting from the presence of coarse pre-
cipitate particles or excessive precipitation and reduce the
deterioration in the corrosion resistance of the magnesium
alloy resulting from a decrease in the amount of dissolved Al.

In the anticorrosive layer formed by the chemical conver-
sion treatment of the substrate or the magnesium alloy sheet
that contains fine precipitate particles dispersed therein, the
dense surface sublayer prevents a corrosive liquid from reach-
ing the substrate, thereby improving the corrosion resistance
of the magnesium alloy structural member. The relatively
sparse lower sublayer adjacent to the substrate can reduce the
tendency of the anticorrosive layer to detach from the sub-
strate upon impact, such as heat shock. The anticorrosive
layer has a relatively small thickness and high resistance to
cracking Thus, a magnesium alloy structural member accord-
ing to the present invention can retain the dense surface sub-
layer having excellent corrosion resistance for a long period
of time and have excellent corrosion resistance.

In a magnesium alloy structural member according to the
present invention, a large amount of dissolved Al can improve
the corrosion resistance of its base material, and the anticor-
rosive layer having excellent corrosion resistance, peel resis-
tance, and crack resistance can provide higher corrosion
resistance than conventional magnesium alloy structural
members.

Furthermore, the dispersion of fine precipitate particles can
improve the rigidity of the sheet through dispersion strength-
ening, and reducing a decrease in the amount of dissolved Al
can ensure the strength of the sheet. Thus, the substrate or the
magnesium alloy sheet is rarely dented by impacts and has
excellent impact resistance. Furthermore, the substrate or the
magnesium alloy sheet that is substantially free from coarse
precipitate particles has excellent plastic formability and is
easily subjected to press forming.

The substrate or the magnesium alloy sheet having the
particular structure described above can be manufactured by
a method including the following processes.

Preparation process: a process of preparing a cast sheet
made of a magnesium alloy that contains more than 7.5% by
mass of Al and manufactured by a continuous casting process.

Solution process: a process of performing solution treat-
ment of the cast sheet at a temperature of 350° C. or more to
manufacture a solid solution sheet.

Rolling process: a process of performing warm rolling of
the solid solution sheet to manufacture a rolled sheet.

In particular, in manufacturing processes after the solution
process, the thermal history of a material sheet to be pro-
cessed (typically a rolled sheet) is controlled such that the
total time of holding the material sheet at a temperature of
150° C. or more and 300° C. or less is 0.5 hours or more and
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less than 12 hours and that the material sheet is not heated to
a temperature of more than 300° C.

The manufacturing processes may further include a
straightening process of straightening the rolled sheet. The
straightening process may involve straightening while the
rolled sheet is heated at a temperature of 100° C. or more and
300° C. or less, that is, warm straightening. In the case that the
straightening process involves warm straightening, the total
time includes the time of holding the rolled sheet at a tem-
perature of 150° C. or more and 300° C. or less in the straight-
ening process.

A magnesium alloy structural member according to the
present invention can be manufactured by a method that
includes the preparation of a rolled sheet formed by the
method for manufacturing a magnesium alloy sheet described
above or a straightened sheet formed by the straightening
process as a base material, a plastic forming process of per-
forming plastic forming of the base material, and a surface
treatment process of performing chemical conversion treat-
ment of the base material. Plastic forming after the surface
treatment process may cause damage to a surface of the base
material and impair the eftects of the surface treatment. Thus,
the surface treatment process is preferably preceded by the
plastic forming process.

As described above, solution treatment allows Al to be
sufficiently dissolved in the magnesium alloy. In the manu-
facturing processes after the solution treatment, the magne-
sium alloy material is held in a particular temperature range
(150° C. to 300° C.) for a particular time range such that a
predetermined amount of precipitate can be easily precipi-
tated. Furthermore, the holding time in the particular tem-
perature range can be controlled so as to prevent the excessive
growth ofthe precipitate and allow fine precipitate particles to
be dispersed.

Inthe case that rolling is performed more than once (multi-
pass) with an appropriate degree of processing (rolling reduc-
tion) to achieve a desired sheet thickness in the rolling pro-
cess, a target to be processed (a material after the solution
treatment; for example, a rolled sheet before the final rolling)
can be heated to a temperature of more than 300° C. so as to
improve plastic formability and facilitate rolling. With an Al
content as high as more than 7.5% by mass, however, heating
to a temperature of more than 300° C. may accelerate the
precipitation of an intermetallic compound or the growth of a
precipitate to form coarse particles. The excessive production
or growth of the precipitate results in a decrease in the amount
of dissolved Al in the magnesium alloy. A decrease in the
amount of dissolved Al results in low corrosion resistance of
the magnesium alloy. With a decrease in the amount of dis-
solved Al, it is difficult to further improve the corrosion resis-
tance even by the formation of an anticorrosive layer.

Furthermore, in order to improve press formability through
recrystallization or remove strain resulting from plastic form-
ing, heat treatment is generally performed during or after
rolling or after plastic forming, such as press forming. The
heat treatment temperature tends to be increased with the Al
content. For example, Patent Literature 1 proposes heat treat-
ment of AZ91 alloy after rolling (the final annealing) at a
temperature in the range of300° C. to 340° C. Heat treatment
at a temperature of more than 300° C. also accelerates the
growth of a precipitate to form coarse particles. Thus, the
thermal history of a material sheet is controlled as described
above.

The present invention will be described in detail below.
[Magnesium Alloy Structural Member]|
<Substrate>
(Composition)

A magnesium alloy constituting the substrate may have a
composition in which Mg is combined with an additive ele-
ment (the remainder: Mg and impurities, Mg: 50% by mass or
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more). In particular, in the present invention, the magnesium
alloy is a Mg—Al alloy in which the additive element con-
tains at least more than 7.5% by mass of Al. More than 7.5%
by mass of Al can improve not only the corrosion resistance
but also the mechanical characteristics, such as strength and
plastic deformation resistance, of the magnesium alloy. The
corrosion resistance tends to increase with the Al content.
However, more than 12% by mass of Al results in poor plastic
formability and requires heating of the material during roll-
ing. Thus, the Al content is preferably 12% by mass or less.

The additive element other than Al may be one or more
elements selected from the group consisting of Zn, Mn, Si,
Ca, Sr, Y, Cu, Ag, Be, Sn, Li, Zr, Ce, Ni, Au, and rare-earth
elements (except Y and Ce). Each of the elements may con-
stitute 0.01% by mass or more and 10% by mass or less,
preferably 0.1% by mass or more and 5% by mass or less, of
the magnesium alloy. For example, specific Mg—Al alloy
may be AZ alloy (Mg—Al—Zn alloy, Zn: 0.2% to 1.5% by
mass), AM alloy (Mg—Al—Mn alloy, Mn: 0.15% t0 0.5% by
mass), Mg—Al—RE (rare-earth element) alloy, AX alloy
(Mg—Al—Ca alloy, Ca: 0.2% to 6.0% by mass), or Al alloy
(Mg—Al—Sr alloy, Sr: 0.2% to 7.0% by mass) as defined in
the American Society for Testing and Materials standards. In
particular, 8.3% to 9.5% by mass of Al can improve both
corrosion resistance and strength. One specific example is a
Mg—Al alloy that contains 8.3% to 9.5% by mass of Al and
0.5%to 1.5% by mass of Zn, typically AZ91 alloy. 0.001% by
mass or more in total, preferably 0.1% by mass or more and
5% by mass or less in total, of at least one element selected
fromY, Ce, Ca, and rare-carth elements (exceptY and Ce) can
improve heat resistance and flame resistance.

(Form)

Typically, the substrate may be a sheet (a magnesium alloy
sheet) before plastic forming, such as press forming, includ-
ing bending and drawing. Typically, the sheet may be rectan-
gular. Alternatively, the sheet may be circular or of another
shape. The sheet may have a boss or a through-hole from the
front side to the back side. The sheet may be a short sheet
having a predetermined length and shape as described above
or a coiled sheet of a continuous long sheet. The sheet may
have any form depending on the manufacturing processes.
For example, the form may be a rolled sheet, a heat-treated or
straightened sheet manufactured by heat treatment or
straightening of a rolled sheet as described below, or a pol-
ished sheet manufactured by polishing of the rolled, heat-
treated, or straightened sheet. Another form of the substrate
may be a formed product manufactured by plastic forming,
such as press forming, including bending and drawing, of the
sheet. The substrate may have any form, size (area), or thick-
ness depending on its desired application. In particular, a
substrate having a thickness of 2.0 mm or less, preferably 1.5
mm or less, more preferably 1 mm or less, can be suitably
used for thin and light-weight parts (typically, housings and
parts of automobiles).

The formed product may have any shape and size, for
example, a box or frame having a U-shaped cross section that
includes a top (a bottom) and a sidewall extending perpen-
dicularly from the top (bottom) or a covered tube that includes
a discoidal top and a cylindrical sidewall. The top may have
an integral or attached boss, a through-hole from the front
side to the back side, a groove in the thickness direction, a
step, or a portion having a different thickness formed by
plastic forming or cutting. The substrate may partly have a
portion formed by plastic forming, such as press forming. In
the case that the substrate is the formed product or has a
portion formed by plastic forming, a portion having less plas-
tic deformations (typically, a flat portion) substantially
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retains the structure and mechanical characteristics of a sheet
(magnesium alloy sheet) thathas been used as the material for
the plastic forming.

(Precipitate)

The substrate contains fine precipitate particles, for
example, having an average particle size in the range of 0.05
um to 1 um dispersed therein. The precipitate particles con-
stitute 1% to 20% by area of the substrate. The precipitate
particles may be particles that contain an additive element in
a magnesium alloy, typically, particles made of an interme-
tallic compound containing Mg or Al, more specifically,
Mg,,Al,, (not particularly limited to Mg,-Al,,). When the
precipitate particles have an average particle size of 0.05 pm
or more and when the precipitate content is 1% by area or
more, the substrate has excellent corrosion resistance because
of a sufficient number of precipitate particles, and a single
thick anticorrosive layer, for example, made of an AZ91 alloy
cast material can be formed to prevent deterioration of cor-
rosion resistance. When the precipitate particles have an aver-
age particle size of 1 um or more and when the precipitate
content is 20% by area or less, this can prevent the production
of excessive precipitate particles in the substrate or the pro-
duction of coarse precipitate particles, thus preventing a
decrease in the amount of dissolved Al and improving corro-
sion resistance. In addition, this can prevent the formation of
a porous anticorrosive layer alone, thus improving corrosion
resistance. The precipitate particles more preferably have an
average particle size 0of 0.1 um or more and 0.5 um or less, and
the precipitate content is more preferably 3% by area or more
and 15% by area or less, still more preferably 5% by area or
more and 10% by area or less.

These matters relating to the substrate except part of the
forms are true for the magnesium alloy sheet.
<Anticorrosive Layer>
(Formation Mechanism of Anticorrosive Layer)

An anticorrosive layer having a two-layer structure formed
by chemical conversion treatment is disposed on a surface of
the substrate. When an anticorrosive layer is formed on a
magnesium alloy material using a phosphate solution con-
taining manganese (Mn) and calcium (Ca) as a chemical
conversion treatment liquid, the immersion of the material in
the chemical conversion treatment liquid causes Mg in the
material to dissolve in the chemical conversion treatment
liquid and thereby changes the acid concentration (pH) of the
chemical conversion treatment liquid near the material,
hydrolyzing Mn(H,PO,), or Ca(H,PO,), in the chemical
conversion treatment liquid. The hydrolysis results in the
formation of a Mn and Ca phosphate film (an anticorrosive
layer). With an increase in the amount of Mg that dissolves in
the chemical conversion treatment liquid (or an increase in
the dissolution speed of Mg), the anticorrosive layer tends to
be formed more rapidly in a larger thickness.

When the material is composed of AZ31 alloy, a low Al
(dissolved Al) content of the material and the material surface
rich in Mg result in a large amount of Mg that dissolves in the
chemical conversion treatment liquid, resulting in rapid for-
mation of an anticorrosive layer. Thus, the anticorrosive layer
can be porous and thick.

On the other hand, when the material is composed of AZ91
alloy, a high Al (dissolved Al) content of the material results
in a smaller amount of Mg that dissolves in the chemical
conversion treatment liquid than AZ31 alloy, resulting in an
anticorrosive layer having a smaller thickness than AZ31
alloy. Although the detailed mechanism is not clear, an anti-
corrosive layer of an AZ91 alloy cast material is porous and
relatively thick. Even with a AZ91 alloy rolled material, a
high material temperature during rolling, a long holding time
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at a temperature in the range of 150° C. to 300° C. because of
a high final annealing temperature, or thermal history of more
than 300° C. (this material is hereinafter referred to as a
comparative rolled material) may result in a reduced amount
of dissolved Al in the material because of the growth of a
precipitate or an excessive amount of precipitate, that is, a
relatively increase in Mg on the material surface. This may
result in a relatively large amount of Mg that dissolves in the
chemical conversion treatment liquid, forming a porous and
relatively thin anticorrosive layer.

In the substrate or the magnesium alloy sheet, the presence
of fine precipitate particles in a particular area of the material
results in a relatively large amount of dissolved Al in the
material and a smaller amount of Mg that dissolves in the
chemical conversion treatment liquid than the comparative
rolled material. Thus, a porous film is formed in the anticor-
rosive layer adjacent to the substrate, and a dense film is
formed on the surface of the porous film.

(Structure)

A surface sublayer of an anticorrosive layer of a magne-
sium alloy structural member according to the present inven-
tion is denser than a lower sublayer adjacent to the substrate.
In other words, the lower sublayer is more porous than the
surface sublayer. The term “sparse” and “dense” in relation to
the anticorrosive layer mean that, for example, in a micro-
scope image of a cross section of a magnesium alloy struc-
tural member according to the present invention, with respect
to the anticorrosive layer with a 256 gray scale, the surface
sublayer has a dispersion (standard deviation) in gray scale of
6 or more and 10 or less, and the lower sublayer has a disper-
sion (standard deviation) in gray scale of 13 or more and 17 or
less. A smaller dispersion in gray scale indicates a denser state
with less pores, and a larger dispersion indicates a more
porous (sparser) state. The 256 gray scale expression can be
easily obtained with a commercial image analyzer. A magne-
sium alloy structural member according to the present inven-
tion that includes an anticorrosive layer having a two-layer
structure of a dense sublayer and a sparse sublayer can have
excellent corrosion resistance as well as high crack resistance
and peel resistance.

(Thickness)

An anticorrosive layer of a magnesium alloy structural
member according to the present invention has a much
smaller thickness than an anticorrosive layer of a material
made of a magnesium alloy that contains a small amount of
Al such as AZ31 alloy. More specifically, the anticorrosive
layer having a two-layer structure has a total thickness of 50
nm or more and 300 nm or less. The porous lower sublayer
constitutes approximately 60% to 75% of the total thickness,
and the surface sublayer constitutes the remainder. Even with
such a thin anticorrosive layer, a magnesium alloy structural
member according to the present invention has excellent cor-
rosion resistance, and the thin anticorrosive layer is resistant
to cracking Furthermore, the thin anticorrosive layer has little
influence on the dimensions and appearance of the end prod-
uct. However, an excessively thin anticorrosive layer tends to
have poor corrosion resistance, and an excessively thick anti-
corrosive layer also has poor corrosion resistance because of
cracking as described above. Thus, the anticorrosive layer
more preferably has a total thickness of 50 nm or more and
200 nm or less. The thickness of the anticorrosive layer
depends on the time of chemical conversion treatment and the
Al content.

(Composition)

The material of the anticorrosive layer can vary with the
chemical conversion treatment liquid. The chemical conver-
sion treatment liquid conventionally contains chromium (Cr)
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(chromate treatment liquids). However, from the standpoint
of environmental conservation, it is desirable to use chro-
mium-free treatment liquids. Examples of the chromium-free
treatment liquids include phosphate solutions, more specifi-
cally, manganese and calcium phosphate solutions and cal-
cium phosphate solutions. A manganese and calcium phos-
phate solution forms an anticorrosive layer mainly composed
of a phosphate compound of manganese and calcium.

The lower sublayer adjacent to the substrate in the anticor-
rosive layer contains more Al than the surface sublayer and
therefore has excellent adhesion to the substrate containing
Al Furthermore, because of being porous, the lower sublayer
can alleviate impacts, such as heat shock, and prevent the
detachment of the anticorrosive layer upon impact. The dense
surface sublayer containing more manganese and calcium
than the lower sublayer is resistant to oxidation by a corrosive
liquid, such as an acid, and prevents the corrosive liquid from
reaching the substrate, thus achieving high corrosion resis-
tance.

[Manufacturing Processes]
(Preparation Process)

The cast sheet is preferably manufactured by a continuous
casting process, such as a twin-roll process, in particular, a
casting process described in WO 2006-003899. The continu-
ous casting process can reduce the formation of oxides and
segregation by means of rapid solidification and prevent the
formation of coarse impurities in crystal and precipitated
impurities having a size of more than 10 pm, which can be
starting points of cracking. Thus, the cast sheet has excellent
rollability. Although the cast sheet may have any size, an
excessive thickness may result in segregation. Thus, the cast
sheet preferably has a thickness of 10 mm or less, more
preferably 5 mm or less. In particular, in a coiled long cast
sheet even having a small diameter, the long cast sheet can be
wound without causing a crack when a portion of the long cast
sheet just before coiling is heated to 150° C. or more. A coiled
long cast sheet having a large diameter may be wound at low
temperature.

(Solution Process)

The cast sheet is subjected to solution treatment to make its
composition uniform and manufacture a solid solution sheet
containing an element, such as Al, dissolved therein. The
solution treatment is preferably performed at a holding tem-
perature of 350° C. or more, more preferably in the range of
380° C.10420° C., ata holding time in the range of 60 to 2400
minutes (1 to 40 hours). The holding time is preferably
increased as the Al content increases. In a cooling process
after the holding time has passed, forced cooling, such as
water cooling or air blast, is preferably used to increase the
cooling rate (for example, 50° C./min or more), because this
can reduce the precipitation of coarse precipitate particles.
(Rolling Process)

In the rolling process of the solid solution sheet, the mate-
rial (the solid solution sheet or a sheet during rolling) can be
heated to improve plastic formability. Thus, at least one pass
of warm rolling is performed. However, an excessively high
heating temperature results in an excessively long holding
time at atemperature in the range of 150° C. to 300° C., which
may cause excessive growth or precipitation of a precipitate
as described above, the seizure of the material, or a deterio-
ration of the mechanical characteristics of a rolled sheet
because of the coarsening of crystal grains in the material.
Thus, also in the rolling process, the heating temperature is
300° C. or less, preferably 150° C. or more and 280° C. or
less. Rolling the solid solution sheet more than once (multi-
pass) can achieve a desired sheet thickness, decrease the
average grain size of the material (for example, 10 umor less),
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orimprove plastic formability in rolling or press forming. The
rolling may be performed under known conditions. For
example, not only the material but also a reduction roll may be
heated, or the rolling may be combined with non-preheat
rolling or controlled rolling as disclosed in Patent Literature
1. Rolling with a small rolling reduction, such as finish roll-
ing, may be performed at low temperature. Use of a lubricant
in the rolling process can decrease frictional resistance during
rolling and prevent the seizure of the material, thus facilitat-
ing rolling.

In multi-pass rolling, an intermediate heat treatment
between passes may be performed provided that the holding
time at a temperature in the range of 150° C. to 300° C. is
included in the total time described above. Removal or reduc-
tion of strain, residual stress, or a texture introduced during
plastic forming (mainly rolling) before the intermediate heat
treatment into a material to be processed can prevent acciden-
tal cracking, strain, or deformation during the subsequent
rolling, thus facilitating rolling. Also in the intermediate heat
treatment, the holding temperature is 300° C. or less, prefer-
ably 250° C. or more and 280° C. or less.

(Straightening Process)

A rolled sheet manufactured in the rolling process may be
subjected to the final heat treatment (the final annealing) as
described in Patent Literature 1. However, warm straighten-
ing described above is preferable to the final heat treatment in
terms of plastic formability in press forming. Straightening
may be performed by heating the rolled sheet to a temperature
in the range of 100° C. to 300° C., preferably 150° C. or more
and 280° C. or less, with a roller leveler that includes a
plurality of staggered rollers as described in Patent Literature
2. Plastic forming, such as press forming, of a straightened
sheet after warm straightening causes dynamic recrystalliza-
tion, which improves plastic formability. Reduction in the
thickness of a material by means of rolling can greatly
decrease the holding time in the straightening process. For
example, depending on the thickness of a material, the hold-
ing time may be a few minutes or even less than one minute.
(Plastic Forming Process)

Plastic forming, such as press forming, of the rolled sheet,
a heat-treated sheet formed by the final heat treatment of the
rolled sheet, a straightened sheet formed by the straightening
of the rolled sheet, or a polished sheet formed by polishing
(preferably wet polishing) of the rolled sheet, heat-treated
sheet, or straightened sheet is preferably performed at a tem-
perature in the range of 200° C. to 300° C. to improve plastic
formability of the material. The time of holding a material at
a temperature in the range of 200° C. to 300° C. in plastic
forming is very short, for example, less than 60 seconds in
certain press forming. Such a very short holding time causes
substantially no failure, such as coarsening of a precipitate.

Heat treatment after plastic forming can remove strain or
residual stress caused by the plastic forming and improve the
mechanical characteristics of the sheet. The heat-treatment
conditions include a heating temperature in the range of 100°
C.10300° C. and a heating time in the range of approximately
5 to 60 minutes. The holding time at a temperature in the
range of 150° C. to 300° C. in the heat treatment is included
in the total time described above.

(Total Time of Holding Material in Particular Temperature
Range)

The main features of processes up to the process of pro-
ducing the end product after the solution process in the manu-
facture of the substrate or the magnesium alloy sheet are that
the total time ofholding a material at a temperature of 150° C.
or more and 300° C. or less is controlled in the range of 0.5 to
12 hours and that the material is not heated to a temperature of
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more than 300° C. For a magnesium alloy having an Al
content of more than 7.5% by mass, the total time of holding
a material at a temperature in the range of 150° C. to 300° C.
in processes up to the process of producing the end product
after solution treatment has not sufficiently been studied. As
described above, the holding time in a temperature range in
which a precipitate is easily formed or a product easily grows
can be controlled in a particular range to provide a substrate or
amagnesium alloy sheet that contains a certain number of fine
precipitate particles dispersed therein.

When the total time ofholding at a temperature in the range
of'150° C. 10 300° C. is less than 0.5 hours, a precipitate is not
sufficiently precipitated. A total time of more than 12 hours or
rolling of a material at a temperature of more than 300° C.
results in the formation of coarse precipitate particles having
a particle size of 1 pm or more or an excessive amount, for
example, more than 20% by area, of precipitate. Preferably,
the degree of processing in each pass in the rolling process,
the total degree of processing in the rolling process, the con-
ditions for intermediate heat treatment, and the conditions for
straightening are controlled such that the temperature range is
150° C. or more and 280° C. or less and that the total time is
0.5 hours or more (more preferably one hour or more) and 6
hours or less. Since the precipitate increases with increasing
Al content, the total time is preferably controlled also in a
manner that depends on the Al content.

(Surface Treatment Process)

The substrate of a magnesium alloy structural member
according to the present invention is typically the rolled sheet
described above, a heat-treated sheet formed by the final heat
treatment of the rolled sheet, a straightened sheet formed by
the straightening of the rolled sheet, or a formed product
manufactured by plastic forming of any of these sheets. The
substrate is subjected to chemical conversion treatment. The
chemical conversion treatment may be performed appropri-
ately using a known chemical conversion treatment liquid
under known conditions. A chromium-free treatment liquid,
such as a manganese and calcium phosphate solution, is pref-
erably used.

The chemical conversion treatment may be performed on a
material before the plastic forming. The chemical conversion
treatment of a formed product after plastic forming can pre-
vent an anticorrosive layer formed by the chemical conver-
sion treatment from being damaged during the plastic form-
ing.

Coating after the chemical conversion treatment for the
purpose of protection or ornamentation can further improve
corrosion resistance or increase commercial value.

Advantageous Effects of Invention

A magnesium alloy structural member according to the
present invention has excellent corrosion resistance.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows photomicrographs (x5000) of a magnesium
alloy sheet. FIG. 1(I) shows a sample No. 1, and FIG. 1(II)
shows a sample No. 110.

FIG. 2 shows photomicrographs of a cross section of a
magnesium alloy structural member having an anticorrosive
layer. FIG. 1(I) shows the sample No. 1 (x250,000), and FIG.
1(I1) shows the sample No. 110 (x100,000).

DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention will be described
below.
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Test Examples

A substrate of a magnesium alloy sheet was subjected to
chemical conversion treatment to prepare a magnesium alloy
structural member having an anticorrosive layer. The metal-
lographic structure of the substrate, the morphology of the
anticorrosive layer, and corrosion resistance were examined.
Sample No. 1

A magnesium alloy structural member of sample No. 1 is
prepared by the processes of casting, solution treatment,
(warm) rolling, (warm) straightening, polishing, and the for-
mation of an anticorrosive layer in this order.

In this test, a plurality of cast sheets (having a thickness of
4 mm) were prepared. The cast sheets were made of a mag-
nesium alloy having a composition corresponding to AZ91
alloy (Mg-9.0% Al-1.0% Zn (based on mass)) and were
formed by a twin-roll continuous casting process. The cast
sheets were subjected to solution treatment at 400° C. for 24
hours. The solid solution sheet subjected to the solution treat-
ment was rolled more than once to a thickness of 0.6 mm
under the following rolling conditions.

(Rolling Conditions)

Degree of processing (rolling reduction): 5%/pass to 40%/
pass

Heating temperature of sheet: 250° C. to 280° C.

Roll temperature: 100° C. to 250° C.

For the sample No. 1, ineach pass of the rolling process, the
heating time of a material to be rolled and the rolling speed
(roll peripheral speed) were adjusted such that the total time
of holding the material at a temperature in the range of 150°
C. 10 300° C. was 3 hours.

The rolled sheet was subjected to warm straightening at
220° C. to prepare a straightened sheet. The warm straight-
ening was performed using distortion means described in
Patent Literature 2.

The straightened sheet was polished by wet belt polishing
with a#600 abrasive belt to prepare a polished sheet. The time
of holding the material at a temperature in the range of 150°
C. 10 300° C. in the straightening process was very short, for
example, a few minutes.

The polished sheet was subjected to degreasing, acid etch-
ing, desmutting, surface conditioning, chemical conversion
treatment, and drying in this order to form an anticorrosive
layer. The following are specific conditions. The resulting
magnesium alloy structural member is hereinafter referred to
as a sample No. 1.

Degreasing: 10% KOH and 0.2% nonionic surfactant solu-
tion under agitation, 60° C., 10 minutes

Acid etching: 5% phosphate solution under agitation, 40°
C., 1 minute

Desmutting: 10% KOH solution under agitation, 60° C., 10
minutes

Surface conditioning: aqueous carbonate solution adjusted
to pH 8, under agitation, 60° C., 5 minutes

Chemical conversion treatment: trade name Grander
MC-1000 (calcium and manganese phosphate chemical coat-
ing agent) manufactured by Million Chemicals Co., Ltd., a
treatment liquid temperature of 35° C., a dipping time of 60
seconds

Drying: 120° C., 20 minutes
Sample No. 100

A cast material (having a thickness of 4.2 mm) prepared in
the same manner as in the sample No. 1 was rolled under the
following conditions and was subjected to heat treatment at
320° C. for 30 minutes instead of (warm) straightening. The
heat-treated sheet was polished in the same manner as in the
sample No. 1, and an anticorrosive layer was then formed.
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The resulting magnesium alloy structural member is herein-
after referred to as a sample No. 100.
(Rolling Conditions)

[Rough rolling] From 4.2 mm to 1 mm in thickness

Degree of processing (rolling reduction): 20%/pass to
35%/pass

Heating temperature of sheet: 300° C. to 380° C.

Roll temperature: 180° C.

[Finish rolling] From 1 mm to 0.6 mm in thickness

Degree of processing (rolling reduction): average 7%/pass

Heating temperature of sheet: 220° C.

Roll temperature: 170° C.

The total time of holding at a temperature in the range of
150° C. to 300° C. after solution treatment in the sample No.
100 was 15 hours.

Sample No. 110

A wrought material (a sheet having a thickness of 0.6 mm)
made of commercially available AZ31 alloy was polished in
the same manner as in the sample No. 1, and an anticorrosive
layer was then formed. The resulting magnesium alloy struc-
tural member is hereinafter referred to as a sample No. 110.
Sample No. 120

A wrought material (a sheet having a thickness of 0.6 mm)
made of commercially available AZ91 alloy was polished in
the same manner as in the sample No. 1, and an anticorrosive
layer was then formed. The resulting magnesium alloy struc-
tural member is hereinafter referred to as a sample No. 120.

The metallographic structures of the substrate of the
sample No. 1 (straightened sheet) and the substrate of the
sample No. 100 (heat-treated sheet) thus manufactured and
the AZ31 alloy wrought material of the sample No. 110 thus
prepared were observed to examine a precipitate in the fol-
lowing manner.

The substrates and the wrought material were cut in the
thickness direction, and the cross sections were observed with
a scanning electron microscope (SEM) (x5000). FIG. 1(I)
shows an image of the sample No. 1, and FIG. 1(II) shows an
image of the sample No. 110. In FIG. 1, light gray (white)
grains are precipitates.

The ratio of the total area of the precipitate particles to the
cross section was determined in the following manner. Three
fields (22.7 umx17 um) were determined for each image of
five cross sections of each of the substrates and the wrought
material. The total area of all the precipitate particles in one
observation field was calculated from the area of each of the
precipitate particles. The ratio (total particle area)/(observa-
tion field area) of the total area of all the particles in one
observation field to the area of the observation field (385.9
um?) was determined. The ratio is hereinafter referred to as an
observation field area percentage. Table shows the average of
15 observation field area percentages for each of the sub-
strates and the wrought material.

The ratio of the average particle size of the precipitate
particles to the cross section was determined in the following
manner. For each observation field, the diameter of a circle
having an area equivalent to the area of each particle in one
observation field was determined to prepare a particle size
histogram. When the particle areas integrated from a smallest
particle area reaches 50% of the total particle area of an
observation field, the particle size at that point, that is, the
50% particle size (area) is the average particle size of the
observation field. Table shows the average particle size of 15
observation fields for each of the substrates and the wrought
material.

The area and diameter of the particles can be easily deter-
mined with a commercial image processor. An analysis by
energy dispersive X-ray spectroscopy (EDS) showed that the
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precipitates were made of an intermetallic compound con-
taining Al or Mg, such as Mg, ,Al, ,. The presence of particles
made of the intermetallic compound can also be detected by
analyzing the composition and structure of the particles by
X-ray diffraction.

An anticorrosive layer formed by chemical conversion
treatment on a cross section of a sample (magnesium alloy
structural member) in the thickness direction was observed
with a transmission electron microscope (TEM). FIG. 2(I)
shows an image of the sample No. 1 (x250,000), and FIG.
2(1D) shows an image of the sample No. 110 (x100,000). A
black region in the upper portion of FIG. 2(I) and a white
region in the upper portion of FIG. 2(Il) were protective
layers formed in the preparation of the cross sections.

Table shows the median and dispersion of an image of the
anticorrosive layer with a 256 gray scale (an intermediate
value method) (n=1). The median and dispersion of the gray
scale can be easily determined with a commercial image
processor. A small dispersion indicates a dense state with a
small number of pores, and a large dispersion indicates a
porous state with a large number of pores.

The thickness (the average of the thicknesses at five points
in the image) of the anticorrosive layer in each of the samples
was determined from their images. Table shows the results.

The corrosion resistance of the samples was determined in
a corrosion resistance test. The corrosion resistance test con-
formed to JIS Z 2371 (2000) (salt spray time: 96 hours, 35°
C.), and a variation in weight (corrosion loss) caused by salt
spray was measured. The variation in weight of more than 0.6
mg/cm? was rated poor (a cross in Table), 0.6 mg/cm? or less
was rated good (circle), and less than 0.4 mg/cm® was rated
excellent (double circle). Table shows the results.
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layer is porous with a lower gray scale (median) and a larger
dispersion than the surface sublayer, and the surface sublayer
is dense with a higher gray scale and a smaller dispersion than
the lower sublayer. An analysis of the composition of the
anticorrosive layer with an energy dispersive X-ray spectrom-
eter (EDX) showed that the main component was a phosphate
compound of manganese and calcium, the lower sublayer
adjacent to the substrate had a higher Al content than the
surface sublayer, and the surface sublayer had a higher man-
ganese and calcium content than the lower sublayer.

Table shows that the sample No. 1 having the structure
described above had excellent corrosion resistance.

In contrast, the sample No. 110 formed of the AZ31 alloy
wrought material contained a very small number of precipi-
tates as shown in FIG. 1(II) and had a very thick porous
anticorrosive layer as shown in FIG. 2(II). Furthermore, Table
shows that the sample No. 110 had poor corrosion resistance.
This is probably because the anticorrosive layer did not
include a dense surface sublayer such as that in the sample
No. 1 and was porous and thick, which accelerated the per-
meation of a corrosive liquid through a crack, and also
because the substrate contained small amounts of Al (dis-
solved Al) and intermetallic compound.

In the sample No. 120 formed of the AZ91 alloy cast
material, the anticorrosive layer was more porous than the
surface sublayer of the sample No. 1 and thicker than the
sample No. 1. The sample No. 120 was inferior in corrosion
resistance to the sample No. 1. This is probably because the
thick film caused a crack and thereby accelerated the perme-
ation of a corrosive liquid.

Table also shows that the area percentage of the precipitate
in the sample No. 100 subjected to heat treatment of more

TABLE
Intermetallic
compound
precipitate
Average Area Anticorrosive layer
particle percentage Median Dispersion Thickness (nm)

Sample size (% by Lower Surface Lower Surface Lower Surface Corrosion
No. Composition (pm) area) sublayer sublayer sublayer sublayer sublayer sublayer resistance
1 AZ91 0.1 6 120 150 14 8 150 50 @
100 AZ91 0.2 15 120 10 100 O
110 AZ31 0.07 0.4 80 18 600 X

Wrought
material
120 AZ91 — — — — — O

cast material

Table shows that when the total time of holding a material
at a temperature in the range of 150° C. to 300° C. after
solution treatment is in a particular range and when the mate-
rial is not heated to more than 300° C., the resulting magne-
sium alloy sheet (the substrate of the sample No. 1) contains
fine particles of an intermetallic compound (precipitates) dis-
persed therein, as shown in FIG. 1(I). More specifically, in
this substrate, the average size of the intermetallic compound
particles is 0.05 pm or more and 1 um or less, and the total area
of the intermetallic compound particles accounts for 1% or
more and 20% or less.

As shown in FIG. 2(I), the anticorrosive layer on the sub-
strate of the sample No. 1 has a two-layer structure that
includes a relatively thick lower sublayer adjacent to the
substrate in the thickness direction and a relatively thin sur-
face sublayer on the front side. In particular, the lower sub-
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than 300° C. is larger than that in the sample No. 1. The
anticorrosive layer of the sample No. 100 is more porous than
the surface sublayer of the sample No. 1 and is inferior in
corrosion resistance to the sample No. 1. This is probably
because the substantial absence of the dense surface sublayer
allowed the corrosive liquid to permeate more easily than the
sample No. 1.

These results show that a substrate made of a magnesium
alloy having an Al content of more than 7.5% by mass and
prepared in the manufacturing processes after solution treat-
ment such that the total time ofholding at a temperature in the
range of 150° C. to 300° C. is in the range of 0.5 to 12 hours
and that the substrate is not heated to a temperature of more
than 300° C. can be subjected to chemical conversion treat-
ment to manufacture a magnesium alloy structural member
having excellent corrosion resistance.
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These embodiments may be modified without departing
from the gist of the present invention and are not limited to the
constituents described above. For example, the composition
(in particular, the Al content) of the magnesium alloy, the
thickness and shape of the magnesium alloy sheet, and the
constituent materials of the anticorrosive layer may be modi-
fied.

INDUSTRIAL APPLICABILITY

A magnesium alloy structural member according to the
present invention can be suitably used in various parts of
electronic devices, in particular, housings for mobile or small
electronic devices, and parts in various applications that
require high strength, for example, parts of automobiles.

The invention claimed is:

1. A magnesium alloy structural member, comprising: a
magnesium alloy substrate that contains more than 7.5% by
mass of Al; and an anticorrosive layer formed on a surface of
the substrate by chemical conversion treatment,

wherein the substrate contains precipitate particles dis-

persed therein,
the precipitate particles have an average particle size of
0.05 um or more and 1 um or less,

the total area of the precipitate particles in a cross section of
the magnesium alloy structural member accounts for 1%
or more and 20% or less of the cross section, and
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the anticorrosive layer includes a lower sublayer adjacent
to the substrate and a surface sublayer formed on top of
the lower sublayer, the surface sublayer being denser
than the lower sublayer.

2. The magnesium alloy structural member according to
claim 1, wherein the precipitate particles include particles
made of an intermetallic compound containing at least one of
Al and Mg.

3. The magnesium alloy structural member according to
claim 1,

wherein in a microscope image of a cross section of the
magnesium alloy structural member, with respect to the
anticorrosive layer with a 256 gray scale,

the surface sublayer has a dispersion in gray scale of 6 or
more and 10 or less, and

the lower sublayer has a dispersion in gray scale of 13 or
more and 17 or less.

4. The magnesium alloy structural member according to
claim 1, wherein the anticorrosive layer has a total thickness
of 50 nm or more and 300 nm or less.

5. The magnesium alloy structural member according to
claim 1, wherein the anticorrosive layer is mainly composed
of a phosphate compound of manganese and calcium.
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